The predominant mode for HIV transmission in sub-Saharan Africa is heterosexual contact. 1 The major risk factors for HIV transmission are now well known and form the basis for preventive public health interventions. 2, 3 A number of studies from developed countries suggest that alcohol consumption increases risk for HIV infection, 4 ,5 yet only a few studies conducted in sub-Saharan Africa, where nearly half of the global epidemic exists, have reported this relationship. 6 Qualitative studies from sub-Saharan Africa demonstrate easy access to and use of alcohol by groups at high risk for HIV infection such as commercial sex workers, truckers 7 or migrant workers such as miners. 8 Individuals who drink alcohol are less likely to use condoms. 9, 10 These studies were conducted among urban dwellers and relatively mobile groups, and the results cannot be generalized to rural populations.
Muslims in Uganda, including those living in our area of study, are at a lower risk for HIV infection than non-Muslims; a protective effect that is attributed in part to male circumcision. 11 Non-ingestion of alcohol was not controlled for as an alternative explanation or additional protective factor in previous studies.
Alcohol is a central nervous depressant, and in moderate quantities impairs judgement. Alcohol can therefore increase risk for HIV transmission by diminishing personal control, increasing risk-taking, diminishing perception of risk from unprotected sex, or by simply increasing sexual activity. Alternatively, alcohol consumption may be a marker of a personality type given to risk taking, deviant behaviour or unconventionality. 12 
Objective
To investigate the association between alcohol consumption and HIV sero-positivity in a rural Ugandan population.
Methods
The adult population residing in a cluster of 15 neighbouring villages has been kept under epidemiological surveillance for HIV infection using annual censuses and sero-surveys since 1989. At the eighth annual survey all respondents were asked about their history of alcohol consumption, the sale of alcohol in their household, and other socio-demographic information. After informed consent, blood was drawn for HIV serology.
Results
Of the total adult population 3279 (60%) were interviewed; 48% were males; 905 (27%) had not started sexual activity and were excluded from further analysis. Of the remaining 2374, 8% were HIV infected, 57% had ever drunk alcohol, and 4% lived in households where alcohol was sold. Living in a household where alcohol was sold was associated with a history of having ever drunk alcohol (OR 2.9, 95% CI : 1.7-4.8). HIV prevalence among adults living in households selling alcohol was 15% compared with 8% among those living in households not selling alcohol (OR 2.0, 95% CI : 1.1-3.6). Individuals who had ever drunk alcohol experienced an HIV prevalence twice that of those who had never drunk, 10% versus 5% (OR 2.0, 95% CI : 1.5-2.8). This association remained after adjusting for potential confounders including sale of alcohol in the household and Muslim religion (OR 1.8, 95% CI : 1.2-2.7). Only age, marital status and having ever drunk alcohol independently predicted HIV sero-positivity in a logistic regression model.
We have studied a rural population to determine the relationship between alcohol consumption and HIV sero-positivity.
Methods
The study population resided in a cluster of 15 neighbouring villages in Masaka district, Southwest Uganda. This cohort has been kept under epidemiological surveillance for HIV infection through annual censuses and sero-surveys since 1989. 14 At the eighth annual survey all respondents aged 13 years and above were asked about the sale of alcohol in their household, whether they had ever drunk alcohol, number of days bars were visited and alcohol consumed in the past week. No attempt was made in the questionnaire to distinguish between types of alcohol consumed (e.g. home brewed beer, bottled beer, spirits) or long-term frequency of consumption. In addition, data were collected on religion, ever use of a condom, years of schooling and number of sexual partners in the past 12 months. We used standardized structured questionnaires administered by trained interviewers to collect the data.
After informed consent, blood was drawn for HIV serology. Two independent enzyme immunosorbent assays (EIA) were used to determine HIV status (Wellcozyme HIV-1 recombinant VK 56/57, Murex Biotech Ltd, Dartford, Kent, UK; and Recombigen HIV-1/2, Cambridge Biotech, Galway Ireland Ltd). When EIA were inconclusive, we used Western blot (Cambridge Biotech Corporation, Rockville, USA) to determine final HIV status. 15 Test results were issued on request after appropriate counselling. 16 The Uganda National Council for Science and Technology gave ethical approval for the study.
Using Fox-pro, 17 data were entered in duplicate and checked for consistency before analysis. Univariate analysis was done using an epidemiological package, EPIINFO 6.0 (CDC/WHO). The strength of association between HIV sero-status and alcohol was calculated as odds ratios (OR) with 95% confidence intervals (CI). Stratified analysis (Mantel-Haenszel) was performed to assess independence of sale of alcohol in the household from reported alcohol consumption. Multivariate analysis was done using the STATA 5 statistical package. 18 A baseline sociodemographic model was constructed using sex, age group (10-year bands), marital status and religion (Muslim/Christian). We added number of sexual partners in the past 12 months and ever use of a condom to this model although not statistically significant at univariate analysis because they were considered a priori to be confounders. The model was then used to examine the independent association between HIV and alcohol measures, i.e. sale of alcohol in the household, ever drank alcohol, number of days bars visited or alcohol drunk in the past week which were regarded as both exposures and confounders for each other. Because alcohol variables were collinear, they were not adjusted for each other. Statistical significance was estimated using the log likelihood ratio test, and P values were two-sided.
Results
A total of 5453 adults were censused, of whom 60% were interviewed and bled. Forty eight per cent of the respondents were males. Of those not interviewed, 10% were bled but not interviewed, 17% refused, 13% were persistently absent from their homes and 0.1% died before being interviewed. A total of 905 (27%) respondents had not begun sexual activity and, being at minimal risk of acquiring HIV infection, 19 were excluded from further analysis. The crude HIV prevalence for the remaining 2374 sexually active adults was 8%. Only 4% of the respondents lived in households where alcohol was sold. Of these, 79% had ever drunk alcohol compared with 57% among those residing in households where alcohol was not sold. HIV prevalence among adults living in households where alcohol was sold was 15% compared with 8% among those living in households where alcohol was not sold (OR 2.0, 95% CI : 1.1-3.6). Table 1 shows the association of reported alcohol consumption with selected variables. Males were more likely than women to have ever drunk alcohol (OR 1.7, 95% CI : 1.4-2.0), an observation consistent for all variables with the exception of males still in school and those aged 13-19 years. A history of having ever drunk alcohol increased from 31% in the youngest age group to 68% for those 40 years or older (chi-square [c 2 ] for trend = 126.8, P Ͻ 0.001). With respect to schooling, a history of having ever drunk alcohol was lowest among those still in school (25%), and highest among those who had never attended school (65%). This inverse relationship between alcohol and years of schooling was statistically significant, (c 2 for trend = 68.5, P Ͻ 0.001). Compared with those who had never married, a history of alcohol consumption was more often reported by those who had ever married regardless of their current marital status, i.e. widowed or separated (c 2 for trend = 62.7, P Ͻ 0.001). Non-Muslims were 14-fold more likely to report having ever drunk alcohol than Muslims (74% versus 5%, c 2 for association = 900, P Ͻ 0.001). However, a history of having ever drunk alcohol did not vary with reported condom use (c 2 for association = 0.17, P = 0.7) or by sexual partner history (c 2 for trend = 3.6, P = 0.17, data not shown).
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A history of alcohol consumption was higher among HIV positive than HIV negative individuals (72% versus 56%), and adults who reported having ever drunk alcohol experienced twice the prevalence of HIV infection than those who had never drunk, 10% versus 5% (c 2 for association = 19.7, P Ͻ 0.001). Table 2 shows univariate and multivariate analysis for association of HIV infection with socio-demographic, sexual and alcohol variables. A statistically significant association was demonstrated between having ever drunk alcohol and HIV sero-positivity (OR 2.0, 95% CI : 1.5-2.8). This association remained in the multivariate model after adjusting for potential confounders including ever use of a condom and number of sexual partners in the past 12 months (OR 1.8, 95% CI : 1.2-2.7). Adults who lived in households where alcohol was sold were more likely to be HIV positive than those living in households where alcohol was not sold in univariate analysis (OR 2.0, 95% CI : 1.1-3.6). To test whether sale of alcohol in the household had any independent effect on HIV sero-positivity from that mediated through alcohol consumption, a Mantel-Haenszel stratified analysis was performed. Sale of alcohol was not significant after stratifying by having ever drunk alcohol (OR 1.8, P = 0.1). However, the association between having ever drunk alcohol and HIV remained after stratifying by sale of alcohol in the household (OR 2.0, P Ͻ 0.001). No gender difference in risk for HIV infection was observed (Table 2) . A highly significant relationship between HIV sero-positivity and age group was ALCOHOL AND HIV AMONG UGANDAN ADULTS 913 Table 2 Association between HIV and socio-demographic, sexual and alcohol variables
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Never drunk demonstrated, peaking in the 30-39-year age group. While risk of being HIV sero-positive increased modestly with years spent at school in univariate analysis, this effect was largely explained by collinearity between age and schooling. Compared with those who had never married, the odds for HIV sero-positivity were significantly higher among the currently married, widowed and especially in those who were separated. Muslims were half as likely to be HIV sero-positive as non-Muslims (OR 0.5, 95% CI : 0.3-0.7) but the effect of Muslim religion disappeared when alcohol was added to the multivariate model (OR 0.7, 95% CI : 0.4-1.2).
Frequency of recent alcohol consumption as measured by number of days alcohol was consumed or bars were visited in the past week did not show a significant association with HIV sero-positivity, P = 0.8 and P = 0.2, respectively.
Discussion
We have demonstrated a statistically significant association between reported alcohol consumption and HIV sero-positivity in a rural Ugandan population. This association is independent of gender, age, marital status, ever use of a condom, reported number of past sexual partners, religion and sale of alcohol in the household. Individuals who resided in households where alcohol was sold were at a higher risk for HIV infection, and were more likely to have ever drunk alcohol. The effect of sale of alcohol in the household on HIV sero-positivity appears to be mediated through a greater propensity to drink alcohol in such homes.
Muslims were half as likely as non-Muslims to be HIV seropositive in univariate analysis as reported in other studies. 2, 11 Male circumcision, almost universally practised by Muslims, is the generally accepted explanation for the lower HIV prevalence observed among Muslims. 'Closed sexual networks' where Muslim men may legally have up to four wives, thereby reducing the pressure for casual sexual partners, is another possible explanation. The small proportion of Muslims who gave a history of having ever drunk alcohol suffered an HIV prevalence of about 10%, similar to that of non-Muslims who had ever drunk alcohol. The disappearance of the protective effect of Muslim religion when a history of alcohol consumption was taken into account suggests that abstinence from alcohol may partly explain the protective effect attributable to Muslim religion. We would urge other workers researching the association between Muslim religion, male circumcision and HIV to include alcohol consumption in their studies to see if our findings are replicated elsewhere. 20 Because of the effect of alcohol on sexual behaviour in reducing inhibitions, a relationship between alcohol and HIV has long been suspected. This is the first report from sub-Saharan Africa giving population-based estimates of the association after adjusting for confounders. Previous published studies that examined this relationship were either qualitative or conducted among relatively urban and mobile populations and the results therefore cannot be generalized. 7, 21 Consumption of alcohol may enhance risk of HIV infection by increasing sexual activity 22 or number of sexual partners, or by modifying the willingness to have sex without using condoms. 23, 24 It may also act by inhibiting libido, in turn causing marital disruption. Alternatively inebriated women may be at increased risk of being sexually assaulted and raped. While alcohol induced failure to use condoms may be pertinent in developed countries, condom acceptance and use is still fairly low in our population even without alcohol. 25, 26 Our study suffers some limitations. Firstly, only 60% of the censused study population was interviewed for this study. Many of those who did not answer the questionnaire either refused or were persistently absent and this may have led to some bias in our findings. Our results should be considered with this in mind. Secondly, we relied on reported history of alcohol intake and we were not able to demonstrate any effects on HIV infection of type, quantity and long-term frequency of alcohol consumption. Further, our measure of alcohol intake ignored the fact that it often fluctuates, occurs over a long time and could have begun before or after individuals became infected with HIV. Since only a few individuals were aware of their HIV status, it is unlikely that knowledge of HIV status could have influenced reported or actual consumption of alcohol. Any bias introduced by imprecisely measuring alcohol consumption would result in underestimation of the association, as individuals who had an occasional drink many years ago would be included. Our failure to demonstrate a significant dose-response relationship between alcohol intake and HIV infection may be due to the short period of alcohol intake we investigated. The association demonstrated between alcohol and HIV suggests that messages for behaviour change should be broadened to include reduction of alcohol intake.
In conclusion, a history of alcohol consumption is independently and significantly associated with HIV sero-positivity. Other covariates such as living in a household where alcohol is sold, frequency of visiting bars and number of days drinking alcohol in the past week were highly correlated with each other, and with HIV infection. Alcohol most likely operates by promoting risky sex. Abstinence from alcohol may be an additional or alternative explanation for the observed lower HIV prevalence among Muslims. Public health campaigns should stress the relationship between alcohol and HIV. People who drink or sell alcohol need to be advised about the risks of HIV infection.
